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METHOD FOR TRANSMITTING AND
RECEIVING CONTROL INFORMATION AND
APPARATUS FOR THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-

tion Ser. No. 14/826,584, filed on Aug. 14, 2015, now U.S.
Pat. No. 9,300,441, which 1s a continuation of Ser. No.
14/642,164, filed on Mar. 9, 2015, now U.S. Pat. No.
9,167,577, which 1s a continuation of U.S. patent application
Ser. No. 14/356,462, filed on May 6, 2014, now U.S. Pat.
No. 9,014,131, which 1s the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2013/
009774, filed on Oct. 31, 2013, which claims the benefit of
U.S. Provisional Application No. 61/720,396, filed on Oct.
31, 2012, 61/756,466, filed on Jan. 25, 2013, 61/763,971,
filed on Feb. 13, 2013, and 61/814,830, filed on Apr. 23,
2013, the contents of which are all hereby incorporated by
reference herein 1n their entirety.

TECHNICAL FIELD

The present invention relates to a wireless communication
system and, more particularly, to a method for transmitting
and recerving control mformation and an apparatus for the
same.

BACKGROUND ART

Wireless communication systems have been widely
deployed to provide various types of communication ser-
vices including voice and data services. In general, a wire-
less communication system 1s a multiple access system that
supports communication among multiple users by sharing
available system resources (e.g. bandwidth, transmit power,
etc.) among the multiple users. The multiple access system
may adopt a multiple access scheme such as code division
multiple access (CDMA), {frequency division multiple
access (FDMA), time division multiple access (TDMA),
orthogonal frequency division multiple access (OFDMA), or
single carrier frequency division multiple access (SC-

FDMA).
DISCLOSURE

Technical Problem

An object of the present invention devised to solve the
problem lies 1n a method for efficiently transmitting/receiv-
ing control information 1n a wireless communication system
and an apparatus for the same. Another object of the present
invention 1s to provide a method for efliciently transmitting/
receiving a control channel signal and an apparatus for the
same.

The technical problems solved by the present invention
are not limited to the above technical problems and those
skilled 1n the art may understand other technical problems
from the following description.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting a hybrid automatic
repeat request (HARQ) response by a UE 1n a wireless
communication system, the method including: recerving an
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2

enhanced physical downlink control channel (E-PDCCH)
signal on at least one of a plurality of E-PDCCH sets, each

E-PDCCH set including a plurality of resources units
indexed per E-PDCCH set; and transmitting the HARQ
response using a physical uplink control channel (PUCCH)
resource determined using the index of the first resource unit
among one or more resource units carrying the E-PDCCH
signal, wherein the index of the first resource unit 1s deter-
mined on the basis of the E-PDCCH set having the lowest
index among the plurality of E-PDCCH sets when specific
conditions including 1), 11) and 111) are satisfied,

1) the plurality of E-PDCCH sets are scrambled with the
same sequence,

1) the UE 1s configured to monitor E-PDCCH candidates
having the same attribute as the E-PDCCH signal in the
plurality of E-PDCCH sets,

111) a plurality of E-PDCCH candidates corresponding to
the E-PDCCH signal 1n the plurality of E-PDCCH sets
are mapped to the same physical resource.

In another aspect of the present invention, provided herein

1s a UE configured to transmit a HARQ response 1n a
wireless communication system, the UE including: a radio
frequency (RF) unit; and a processor, wherein the processor
1s configured to receirve an E-PDCCH signal on at least one
of a plurality of E-PDCCH sets, each E-PDCCH set includ-
ing a plurality of resources units indexed per E-PDCCH set
and to transmit the HARQ response using a PUCCH
resource determined using the index of the first resource unit
among one or more resource units carrying the E-PDCCH
signal, wherein the index of the first resource unit 1s deter-
mined on the basis of the E-PDCCH set having the lowest
index among the plurality of E-PDCCH sets when specific
conditions including 1), 11) and 111) are satisfied,

1) the plurality of E-PDCCH sets are scrambled with the
same sequence,

11) the UE 1s configured to monitor E-PDCCH candidates
having the same attribute as the E-PDCCH signal 1n the
plurality of E-PDCCH sets,

111) a plurality of E-PDCCH candidates corresponding to
the E-PDCCH signal 1n the plurality of E-PDCCH sets
are mapped to the same physical resource.

The E-PDCCH candidates having the same attribute as
the E-PDCCH signal may include E-PDCCH candidates
having the same DCI payload size as the E-PDCCH signal.

The E-PDCCH candidates having the same attribute as
the E-PDCCH signal may include E-PDCCH candidates
having the same RNTI as the E-PDCCH signal. Here, the
RNTI may be used to scramble a CRC of the E-PDCCH
signal.

The RNTI may include a cell-RNTI (C-RNTI) or a
semi-persistent scheduling (SPS) C-RNTI.

Each E-PDCCH set may include one or more physical
resource blocks (PRBs).

The plurality of resource units may include a plurality of
enhanced control channel elements (eCCEs).

The method may further include receiving a physical
downlink shared channel (PDSCH) signal indicated by the

E-PDCCH signal, wherein the HARQ response includes
acknowledgement information for the PDSCH.

When the E-PDCCH signal includes information indicat-
ing SPS release, the HARQ response includes acknowledge-

ment information for the E-PDCCH.

Advantageous Eflects

According to the present invention, it 1s possible to
ciliciently transmit/receive control information in a wireless
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communication system. In addition, i1t 1s possible to efli-
ciently transmit/recerve a control channel signal.

The eflects of the present invention are not limited to the
above-described eflects and other eflects which are not
described herein will become apparent to those skilled 1n the

art from the following description.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the mvention. In the
drawings:

FIG. 1 1llustrates physical channels used 1n LTE(-A) and
a signal transmission method using the same;

FIG. 2 illustrates a radio frame structure for use in
LTE(-A);

FIG. 3 illustrates a resource grid of a downlink slot;

FIG. 4 illustrates a downlink subirame structure;

FIG. 5 illustrates an example of configuring a physical
downlink control channel (PDCCH) by a transmitter;

FIG. 6 1llustrates an example of processing a PDCCH by
a recelver;

FIG. 7 illustrates an uplink subirame structure;

FIG. 8 illustrates an example of physically mapping a
PUCCH format to a PUCCH region;

FI1G. 9 illustrates PUCCH format 1a/1b slot level struc-
tures;

FIG. 10 illustrates determination of a PUCCH resource
for ACK/NACK:;

FIG. 11 illustrates a CA (carrier aggregation) communi-
cation system;

FI1G. 12 1llustrates cross-carrier scheduling;

FIG. 13 illustrates an example of allocating an enhanced
PDCCH (E-PDCCH) to a data region of a subirame;

FIG. 14 1llustrates a procedure of allocating resources for
an E-PDCCH and receiving a PDSCH;

FIG. 15 1illustrates an E-PDCCH set;

FIG. 16 1llustrates a problem generated when PUCCH
resources are allocated in E-PDCCH based scheduling;

FI1G. 17 1llustrates PUCCH resource allocation when a
plurality of E-PDCCH sets 1s configured;

FIG. 18 illustrates an example of allocating PUCCH
resources when a plurality of E-PDCCH sets 1s configured
according to the present invention;

FIG. 19 illustrates an example of allocating PUCCH
resources when a plurality of E-PDCCH sets 1s configured in
TDD according to the present invention; and

FIG. 20 illustrates a base station (BS) and UE applicable

to embodiments of the present invention.

BEST MOD.

(Ll

Embodiments of the present invention are applicable to a
variety of wireless access technologies such as code division
multiple access (CDMA), {requency division multiple
access (FDMA), time division multiple access (TDMA),
orthogonal frequency division multiple access (OFDMA),
and single carrier frequency division multiple access (SC-
FDMA). CDMA can be implemented as a radio technology
such as Umiversal Terrestrial Radio Access (UTRA) or
CDMA2000. TDMA can be implemented as a radio tech-
nology such as Global System for Mobile communications
(GSM)/General Packet Radio Service (GPRS)/Enhanced
Data Rates for GSM Evolution (EDGE). OFDMA can be

implemented as a radio technology such as Institute of
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Electrical and Electronics Engineers (IEEE) 802.11 (Wire-
less Fidelity (Wi-F1)), IEEE 802.16 (Worldwide interoper-
ability for Microwave Access (WlMAX)) IEEE 802.20, and
Evolved UTRA (E-UTRA). UTRA 1s a part of Umversal
Mobile Telecommunications System (UMTS). 3"* Genera-
tion Partnership Project (3GPP) Long Term Evolution (LTE)
1s a part of Evolved UMTS (E-UMTS) using E-UTRA,
employing OFDMA for downlink and SC-FDMA for uplink.
LTE-Advanced (LTE-A) evolves from 3GPP LTE.

While the following description 1s given, centering on
3GPP LTE/LTE-A for clarity, this i1s purely exemplary and
thus should not be construed as limiting the present inven-
tion. It should be noted that specific terms disclosed 1n the
present invention are proposed for convenience of descrip-
tion and better understanding of the present invention, and
the use of these specific terms may be changed to other
formats within the technical scope or spirit of the present
invention.

FIG. 1 illustrates physical channels used in LTE(-A) and
a signal transmission method using the same.

Referring to FIG. 1, when powered on or when a UE
initially enters a cell, the UE performs nitial cell search
involving synchronization with a BS 1n step S101. For 1nitial
cell search, the UE synchronizes with the BS and acquire
information such as a cell Identifier (ID) by receiving a
primary synchronization channel (P-SCH) and a secondary
synchronization channel (S-SCH) from the BS. Then the UE
may receirve broadcast information from the cell on a
physical broadcast channel (PBCH). In the mean time, the
UE may check a downlink channel status by receiving a
downlink reference signal (DL RS) during initial cell search.

After imitial cell search, the UE may acquire more specific
system 1information by recewmg a physical downlink control

channel (PDCCH) and receiving a physical downlink shared
channel (PDSCH) based on information of the PDCCH 1n

step 5102.

The UE may perform a random access procedure to
access the BS 1n steps S103 to S106. For random access, the
UE may transmit a preamble to the BS on a physwal random
access channel (PRACH) (5S103) and receive a response
message for preamble on a PDCCH and a PDSCH corre-
sponding to the PDCCH (S104). In the case of contention-
based random access, the UE may perform a contention

resolution procedure by further transmitting the PRACH
(5105) and receiving a PDCCH and a PDSCH correspond-

ing to the PDCCH (5106).

After the foregoing procedure, the UE may receive a
PDCCH/PDSCH (5107) and transmit a physical uplink
shared channel (PUSCH)/physical uplink control channel
(PUCCH) (5108), as a general downlink/uplink signal trans-
mission procedure.

FIG. 2 illustrates a radio frame structure for use 1n
LTE(-A). Uplink/downlink data packet transmission 1s per-
formed on a subframe-by-subirame basis. A subirame 1is
defined as a predetermined time interval including a plural-
ity of symbols. A type-1 radio frame structure applicable to
FDD (Frequency Division Duplex) and a type-2 radio frame
structure applicable to TDD (Time Division Duplex) are
used.

FIG. 2(a) illustrates a type-1 radio frame structure. A
downlink subirame includes 10 subirames each of which
includes 2 slots 1n the time domain. A time for transmitting
a subframe 1s defined as a transmission time interval (T'T1).
For example, each subiframe has a duration of 1 ms and each
slot has a duration of 0.5 ms. A slot includes a plurality of
OFDM symbols 1n the time domain and includes a plurality
of resource blocks (RBs) in the frequency domain. Since
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downlink uses OFDM 1 3GPP LTE(-A), an OFDM symbol
represents a symbol period. The OFDM symbol may be
called an SC-FDMA symbol or symbol period. An RB as a
resource allocation unit may include a plurality of consecu-
tive subcarriers 1n one slot.

The number of OFDM symbols included in one slot may
depend on cyclic prefix (CP) configuration. CPs include an
extended CP and a normal CP. When an OFDM symbol 1s
configured with the normal CP, for example, the number of
OFDM symbols included 1n one slot may be 7. When an
OFDM symbol 1s configured with the extended CP, the
length of one OFDM symbol increases, and thus the number
of OFDM symbols included in one slot 1s smaller than that
in case of the normal CP. In case of the extended CP, the
number of OFDM symbols allocated to one slot may be 6.
When a channel state 1s unstable, such as a case in which a
UE moves at a high speed, the extended CP can be used to
reduce 1nter-symbol interference.

When the normal CP 1s used, one subframe includes 14
OFDM symbols since one slot has 7 OFDM symbols. The
first three OFDM symbols at most in each subirame can be
allocated to a PDCCH and the remaining OFDM symbols
can be allocated to a PDSCH.

FIG. 2(b) illustrates a type-2 radio frame structure. The
type-2 radio frame includes 2 half frames. Each half frame
includes 4(5) normal subiframes and 10 special subirames.
The normal subframes are used for uplink or downlink
according to UL-DL configuration. A subirame 1s composed
of 2 slots.

FIG. 3 illustrates a resource grid of a downlink slot.

Referring to FIG. 3, a downlink slot includes a plurality
of OFDM symbols 1n the time domain. One downlink slot
may include 7(6) OFDM symbols, and one resource block
(RB) may include 12 subcarriers in the frequency domain.
Each element on the resource grid 1s referred to as a resource
clement (RE). One RB includes 12x7(6) REs. The number
N,.- of RBs included in the downlink slot depends on a
downlink transmit bandwidth. The structure of an uplink slot
may be same as that of the downlink slot except that OFDM
symbols by replaced by SC-FDMA symbols.

FI1G. 4 1llustrates a downlink subirame structure.

Referring to FIG. 4, a maximum of 3(4) OFDM symbols
located 1n a front portion of a first slot within a subirame
correspond to a control region to which a control channel 1s
allocated. The remaining OFDM symbols correspond to a
data region to which a physical downlink shared chancel
(PDSCH) 1s allocated. Examples of downlink control chan-
nels used in LTE(-A) include a physical control format
indicator channel (PCFICH), a physical downlink control
channel (PDCCH), a physical hybrid ARQ indicator channel
(PHICH), etc.

The PCFICH 1s transmitted at a first OFDM symbol of a
subiframe and carries information regarding the number of
OFDM symbols used for transmission of control channels
within the subframe. The PCIFCH 1s composed of 4
resource element groups (REGs) which are uniformly dis-
tributed 1n a control region. The PCFICH indicates values of

1 to 3 (or 2 to 4) and 1s modulated according to quadrature
phase shift keying (QPSK). The PHICH 1s a response of

uplink transmission and carries an HARQ ACK/NACK
signal. The PHICH 1s allocated to REGs other than REGs
corresponding to a cell-specific reference signal (CRS) and
PCFICH 1n one or more OFDM symbols set according to
PHICH duration. The PHICH 1s allocated to 3 REGs dis-
tributed 1n the frequency domain.

The PDCCH 1s allocated to first n OFDM symbols (a

control region) of a subframe. Here, n 1s an integer greater
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6

than or equal to 1 and 1s indicated by the PCFICH. Control
information transmitted on the PDCCH 1s referred to as
downlink control information (DCI). Formats 0, 3, 3A and
4 for uplink and formats 1, 1A, 1B, 1C, 1D, 2, 2A, 2B and
2C for downlink are defined as DCI formats. The DCI
formats selectively include information such as hopping
flag, RB allocation, MCS (Modulation Coding Scheme), RV
(Redundancy Version), NDI (New Data Indicator), TPC
(Transmit Power Control), cyclic shiit DM RS (Demodula-
tion Reference Signal), CQI (Channel Quality Information)
request, HARQ process number, TPMI (Transmitted Pre-
coding Matrix Indicator), PMI (Precoding Matrix Indicator)
confirmation according as necessary.

A PDCCH may carry a transport format and a resource
allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplink shared channel
(UL-SCH), paging information on a paging channel (PCH),
system information on the DL-SCH, information on
resource allocation of an upper-layer control message such
as a random access response transmitted on the PDSCH, a
set of Tx power control commands on individual UEs within
an arbitrary UE group, a Tx power control command,
information on activation of a voice over IP (VoIP), etc. The
BS determines a PDCCH format according to DCI to be
transmitted to the UE, and attaches a cyclic redundancy
check (CRC) to control information. The CRC 1s masked
with a unique identifier (referred to as a radio network

temporary 1dentifier (RN'T1)) according to an owner or usage
of the PDCCH. If the PDCCH 1s for a specific UE, then a

unmique 1dentifier (e.g., cell-RNTI (C-RNTI)) of the UE may
be masked to the CRC. Alternatively, 1 the PDCCH 1s for a
paging message, then a paging identifier (e.g., paging-RNTI
(P-RNTI)) may be masked to the CRC. If the PDCCH 1s for
system 1nformation (more specifically, a system information
block (SIB)), then a system information RNTI (SI-RNTT)
may be masked to the CRC. When the PDCCH 1s for a
random access response, a random access-RNTIT (RA-RNTT)
may be masked to the CRC.

A plurality of PDCCHs may be transmitted in one sub-
frame. Each PDCCH 1s transmitted using one or more
control channel elements (CCEs) and each CCE 1s com-
posed of 9 REGs. One REG corresponds to 4 REs. The CCE
1s a logical allocation unit used to provide a coding rate
based on radio channel state to a PDCCH. A PDCCH format
and the number of PDCCH bits are determined by the
number of CCE:s.

Table 1 shows the number of CCEs, the number of REGs
and the number of PDCCH bits according to PDCCH

format.

TABLE 1
Number of
PDCCH format Number of CCEs (n) Number of REGs PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

CCEs are sequentially numbered. To simplily a decoding
process, transmission ol a PDCCH having a format includ-
ing n CCEs can be started using as many CCEs as a multiple
of n. The number of CCEs used to transmit a specific
PDCCH 1s determined by a BS according to channel con-
dition. For example, 1if a PDCCH 1s for a UE having a
high-quality downlink channel (e.g. a channel close to the
BS), only one CCE can be used for PDCCH transmission.
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However, for a UE having a poor channel (e.g. a channel
close to a cell edge), 8 CCEs can be used for PDCCH

transmission 1 order to obtain suflicient robustness. In
addition, a power level of the PDCCH can be controlled
according to channel condition.

LTE(-A) defines CCE positions in a limited set 1n which
PDCCHs can be positioned for each UE. CCE positions 1n
a limited set that the UE needs to monitor 1n order to detect
the PDCCH allocated thereto may be referred to as ‘search
space (SS)’. Here, monitoring includes decoding each
PDCCH candidate (blind decoding). A UE-specific search
space (U SS) and a common search space (CSS) are defined.
The USS 1s set per UE and the CSS 1s equally set for UEs.
The USS and the CSS may overlap The starting point of the
USS 15 UE- spemﬁcally hopped 1n each subirame. A search

space may have a size depending on PDCCH format.
Table 2 shows sizes of the USS and CSS.

TABLE 2

Number of Number of candidates Number of

PDCCH format CCEs (n) in CSS candidates in USS
0 1 — 6
1 2 — 6
2 4 4 2
3 8 2 2

To control computational load of blind decoding based on
the number of blind decoding processes to an appropriate
level, the UE 1s not required to simultaneously search for all
defined DCI formats. In general, the UE searches for formats
0 and 1A at all times 1n the USS. Formats O and 1A have the
same size and are discriminated from each other by a flag 1n
a message. The UE may need to recerve an additional format
(e.g. format 1, 1B or 2 according to PDSCH transmission
mode set by a BS). The UE searches for formats 1A and 1C
in the CSS. Furthermore, the UE may be set to search for
format 3 or 3A. Formats 3 and 3A have the same size as that
of formats 0 and 1A and may be discriminated from each
other by scrambling CRC with different (common) 1denti-
fiers rather than a UE-specific identifier. PDSCH transmis-
sion schemes and information content of DCI formats
according to transmission mode (IM) are arranged below.

Transmission Mode

Transmission mode 1: Transmission from a single base

station antenna port

Transmission mode 2: Transmit diversity

Transmission mode 3: Open-loop spatial multiplexing

Transmission mode 4: Closed-loop spatial multiplexing

Transmission mode 5: Multi-user MIMO (Multiple Input

Multiple Output)

Transmission mode 6: Closed-loop rank-1 precoding

Transmission mode 7: Single-antenna port (ports) trans-
mission

Transmission mode 8: Double layer transmission (ports 7
and 8) or single-antenna port (port 7 or 8) transmission

Transmission modes 9 and 10: Transmission through up
to 8 layers (ports 7 to 14) or single-antenna port (port

7 or 8) transmission
DCI Format
Format 0: Resource grants for PUSCH transmission
Format 1: Resource assignments for single codeword

PDSCH transmission (transmission modes 1, 2 and 7)
Format 1A: Compact signaling of resource assignments

for single codeword PDSCH (all modes)

Format 1B: Compact resource assignments for PDSCH

using rank-1 closed loop precoding (mod 6)
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Format 1C: Very compact resource assignments for
PDSCH (e.g. paging/broadcast system information)
Format 1D: Compact resource assignments for PDSCH

using multi-user MIMO (mode 5)
Format 2: Resource assignments for PDSCH {for closed-

loop MIMO operation (mode 4)
Format 2A: Resource assignments for PDSCH for open-

loop MIMO operation (mode 3)

Format 3/3A: Power control commands for PUCCH and

PUSCH with 2-bit/1-bit power adjustments
Format 4: Resource grants for PUSCH transmission in a
cell set to multi-antenna port transmission mode

DCI formats can be classified into a TM-dedicated format
and a TM-common format. The TM-dedicated format refers
to a DCI format set to only a corresponding TM and the
TM-common format refers to a DCI format commonly set to
all TMs. For example, DCI format 2B can correspond to the
TM-dedicated DCI format 1n case of TMS8, DCI format 2C
can correspond to the TM-dedicated DCI format 1n case of
TM9, DCI format 2D can correspond to the TM-dedicated
DCI format in case of TM10. DCI format 1A may be the
TM-common DCI format.

FIG. 5 1llustrates an example of configuring a PDCCH 1n
a transmitter (e.g. BS).

Referring to FIG. 5, the BS generates control information

according to DCI format. The BS may select one of a
plurality of DCI formats (DCI formats 1, 2, . . . , N)
according to control mnformation to be sent to a UE. A CRC
for error detection 1s attached to the control information
generated according to DCI format 1n step S510. The CRC
1s masked with an identifier (e.g. radio network temporary

identifier (RNTI)) according to the owner or purpose of the
PDCCH. In other words, the PDCCH 1s CRC-scrambled
with the identifier (e.g. RNTI).

Table 3 shows examples of the i1dentifier masking the

PDCCH.

TABLE 3

Type Identifier Description

UE-specific C-RNTI, used for a unique UE 1dentification
TC-RNTI,
SPS C-RNTI

Common P-RNTI used for paging message
SI-RNTI used for system information
RA-RNTI used for random access response

The PDCCH carries control information for a specific UE

when C-RNTI, temporary C-RNTI (TC-RNTI) or semi-
persistent scheduling C-RNTI (SPS C-RNTI) 1s used and
carries common control information received by all UEs 1n
a cell when other RNTIs are used. Channel coding is
performed on the control mmformation having the attached
CRC to generate coded control information in step S520.
The coded control information may be rate-matched accord-
ing to allocated CCE aggregation level. The coded control
information 1s scrambled 1 step S530. Scrambling 1is
applied to multiplexed control information and may be
performed as follows.

Coded control information (e.g. coded DCI (including a
masked CRC)) to be transmitted on each control channel
(i.e. PDCCH) is defined as a bit sequence b”(0), . . . ,
b®(M,, P-1). Here, M, .’ denotes the number of bits trans-
mitted on PDCCH #1 of a subirame. In this case, multiplexed
control information 1s given as follows.))
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b0y, . .., bW, -1, b0, ..., b,
1), ..., b(”PDC‘CH—l)(O)j ., b(”PDCCH—1)(Mbir(”PDCCH—1)_1) Here,
N5 denotes the number of PDCCHs transmitted in the
subframe.

b0, . .., bW, -1), b)), ..., bP(M, P
D, ..., b(MP:i::c:"f:H—l)(O)j . b(”PDC‘CH—1)(Mbl_r(”PDC‘CH—l)_1) is
scrambled with a cell-specific sequence to be converted into
a scrambled bit sequence b(0), ..., b(M_~1). M. . denotes
the bit number (or length) of the multiplexed control 1nfor-
mation or the bit number (or length) of the scrambled bit

sequence.
Scrambling may be performed according to the following

equation.
b())=(b(i)+c(i))mod 2

Here, 1=0, 1, ., M, ., mod represents a modulo
operation, and scrambling sequence c(1) 1s obtained using
the following equation.

[Equation 1]

c(n)=(x(n+N-)+x>(n+Np-))mod 2
x((n+31)=(x{(n+3)+x(n))mod 2

X5 (743 1)=(X5 (343 ) +x5 (142 J4x5 (1241 )+x5(72) )mod 2 [Equation 2]

Here, n=0, 1, . . . , Ms—1, M., denotes a

length, N ~1600, x,(0)=1, x,(n)=0, n=1, 2, . . .,
) DSDXZ(I) 2,

c, .. 18 an initial value used to generate the scrambling
sequence and corresponds to |n/2[27+N,,,°*”. Here, n_ is a
slot number in a radio frame, N,,,°” is a physical cell
identifier, and | | indicates a flooring function. A scrambling
sequence generator according to Equation 2 can be 1nitial-
1zed to ¢, .. per subiframe.

The scrambled control information 1s modulated to gen-
erate modulated symbols 1n step S540. Modulated symbols
constituting one PDCCH may have one of CCE aggregation
levels of 1, 2, 4 and 8. The modulated symbols are mapped
to REs (CCE to RE mapping) 1n step S550.

FIG. 6 illustrates an example of processing a PDCCH by
a recerver (e.g. UE).

Referring to FIG. 6, the UE demaps physical REs to CCEs
(CCE to RE demapping) 1n step S610. Since the UE does not
know the CCE aggregation level at which the PDCCH will
be received, the UE demodulates control information per
CCE aggregation level in S620. The UE may rate-dematch
the demodulated control information. In this case, the UE
may rate-demathing the demodulated control information
per DCI format (or DCI payload size) since the UE does not
know the DCI format (or DCI payload size) of control
information that the UE needs to recerve.
~ 'The UE descrambles the demodulated control information
b(1) to generate descrambled control information b(1) 1n step
5630. Descrambling may be performed according to the
following equation. b(i1) and b(1) are as defined above.

sequence
30 and

b()=(h(i)+c(i))mod 2 [Equation 3]

Here, the scrambling sequence c(1) 1s obtained using
Equation 2.

The UE performs channel decoding on the descrambled
control information b(1) according to code rate and checks
the CRC to detect an error in step S640. For CRC error
checking, the UE performs descrambling (or demasking)
with an identifier shown 1n Table 3. When an error 1s not
detected, the UE detects the PDCCH thereof. When an error
1s detected, the UE continuously performs blind decoding
tor other CCE aggregation levels or other DCI formats (or

DCI payload sizes). Upon detection of the PDCCH thereof,
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the UE detaches the CRC from the decoded control infor-
mation to obtain the control information 1n step S650.

FIG. 7 illustrates an uplink subirame structure used 1n
LTE.

Referring to FIG. 7, an uplink subirame includes a
plurality of (e.g. 2) slots. A slot may include different
numbers of SC-FDMA symbols according to CP lengths.
The uplink subirame 1s divided into a control region and a
data region in the frequency domain. The data region 1is
allocated with a PUSCH and used to carry a data signal such
as audio data. The control region 1s allocated a PUCCH and
used to carry uplink control information (UCI). The PUCCH
includes an RB pair located at both ends of the data region
in the frequency domain and hopped 1n a slot boundary.

The PUCCH can be used to transmit the following control
information.

SR (scheduling request): This 1s mmformation used to
request a UL-SCH resource and i1s transmitted using
On-Ofl Keying (OOK) scheme.

HARQ ACK/NACK: This 1s a response signal to a

downlink data block (e.g. transport block or codeword)

on a PDSCH and indicates whether the downlink data

block has been successtiully received. A 1-bit ACK/

NACK signal 1s transmitted as a response to a single

downlink codeword and a 2-bit ACK/NACK signal 1s

transmitted as a response to two downlink codewords.

An HARQ response may be used interchangeably with

HARQ ACK/NACK or HARQ-ACK.

CQI (channel quality indicator): This 1s feedback infor-
mation about a downlink channel. Feedback informa-
tion regarding Multiple Input Multiple Output (MIMO)

includes RI (rank indicator) and PMI (precoding matrix
indicator). 20 bits are used per subirame.

The quantity of control information (UCI) that a UE can
transmit through a subirame depends on the number of
SC-FDMA symbols available for control information trans-
mission. The SC-FDMA symbols available for control infor-
mation transmission correspond to SC-FDMA symbols
other than SC-FDMA symbols of the subirame, which are
used for reference signal transmission. In the case of a
subframe 1n which a sounding reference signal (SRS) 1s
configured, the last SC-FDMA symbol of the subirame 1is
excluded from the SC-FDMA symbols available for control
information transmission. A reference signal 1s used to
detect coherence of the PUCCH. The PUCCH supports 7
formats according to information transmitted thereon.

Table 4 shows the mapping relationship between PUCCH

formats and UCI in LTE.

TABLE 4
PUCCH
format UCI (Uplink Control Information)
Format 1 SR (Scheduling Request) (non-modulated waveform)
Format 1la 1-bit HARQ ACK/NACK (SR exist/non-exist)
Format 1b 2-bit HARQ ACK/NACK (SR exist/non-exist)
Format 2 CQI (20 coded bits)
Format 2 CQI and 1- or 2-bit HARQ ACK/NACK (20 bits)
(corresponding to only extended CP)
Format 2a CQI and 1-bit HARQ ACK/NACK (20 + 1 coded bits)
Format 2b CQI and 2-bit HARQ ACK/NACK (20 + 2 coded bits)

FIG. 8 illustrates an example of physically mapping
PUCCH formats to PUCCH regions.

Referring to FIG. 8, the PUCCH formats are mapped to
RBs 1n the order of PUCCH iformats 2/2a/2b (CQI) (e.g.
PUCCH region m=0, 1), PUCCH formats 2/2a/2b (CQI) or
PUCCH formats 1/1a/1b (SR/HARQ ACK/NACK) (e.g.




US 9,854,575 B2

11

PUCCH region m=2 1if present) and PUCCH formats 1/1a/1b
(SR/HARQ ACK/NAKC) (e.g. PUCCH region m=3, 4, 3)
from the band edge to the inside and transmitted. The
number N .’ of PUCCH RBs that can be used for PUCCH
tormat 2/2a/2b (CQI) 1s signaled to the UE through broad-

cast signaling in the cell.
FIG. 9 1illustrates slot level structures of PUCCH formats
la/l1b. The PUCCH formats la/1b are used for ACK/NACK

transmission. In the case of normal CP, SC-FDMA symbols
#2, #3 and #4 are used for DMRS transmission. In the case
of extended CP, SC-FDMA symbols #2 and #3 are used for
DMRS transmission. Accordingly, 4 SC-FDMA symbols 1n
a slot are used for ACK/NACK transmission. PUCCH
tormat 1a/1b 1s called PUCCH format 1 1n the specification
for convenience.

Referring to FIG. 9, 1-bit [b(0)] and 2-bit [b(0)b(1)]
ACK/NACK information are modulated according to BPSK
and QPSK modulation schemes respectively, to generate one
ACK/NACK modulation symbol d,. Each bit [b(1), 1=0, 1]
of the ACK/NACK information indicates a HARQ response
to a corresponding DL transport block, corresponds to 1 in

the case of positive ACK and corresponds to 0 in case of
negative ACK (NACK). PUCCH formats la/lb perform
time domain spreading using an orthogonal spreading code
W,, W ., W, W, (e.g. Walsh-Hadamard or DFT code) 1n
addition to cyclic shift o , 1 the frequency domain. In the
case of PUCCH formats 1a/1b, a larger number of UEs can
be multiplexed on the same PUCCH RB because code
multiplexing 1s used 1n both frequency and time domains.
FIG. 10 illustrates an example of determining PUCCH
resources for ACK/NACK. In LTE, a plurality of PUCCH
resources for ACK/NACK are shared by a plurality of UEs

in a cell every time the UEs need the PUCCH resources
rather than allocated to UEs in advance. Specifically, a
PUCCH resource used for a UE to transmit an ACK/NACK
signal corresponds to a PDCCH on which scheduling infor-
mation for corresponding DL data. The region in which the
PDCCH 1s transmitted 1n a DL subirame 1s configured with
a plurality of control channel elements (CCEs), and a
PDCCH transmitted 1n a DL subirame to a UE 1s configured
with one or more CCEs. The UE transmits ACK/NACK
through a PUCCH resource corresponding to a specific one
(e.g. first CCE) of the CCEs constituting the PDCCH.

Referring to FIG. 10, each block in a downlink compo-
nent carrier (DL CC) represents a CCE and each block 1n an
uplink component carrier (UL CC) indicates a PUCCH
resource. Each PUCCH 1index corresponds to a PUCCH
resource for ACK/NACK. If information for a PDSCH 1s
delivered on a PDCCH composed of CCEs #4, #5 and #6, as
shown 1n FIG. 10, then a UE transmits an ACK/NACK
signal on PUCCH #4 corresponding to CCE #4, the first
CCE of the PDCCH. FIG. 10 illustrates a case i which
maximum M PUCCHs are present in the UL CC when
maximum N CCEs exist in the DL CC. Though N can equal
M, N may differ from M and CCEs are mapped to PUCCHs
in an overlapped manner.

Specifically, a PUCCH resource index in LTE 1s deter-
mined as follows.

(D

_ 1 -
PUCCH_HCCE+M )PUCC‘H [Equation 1]

Here, n"’ ., ., represents a resource index of PUCCH
format 1 for ACK/NACK/DTX transmission, N . ...
denotes a signaling value received from a higher layer, and
n..~r denotes the smallest value of CCE 1ndexes used for
PDCCH transmission. A cyclic shift, an orthogonal cover
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code (or orthogonal spreading code) and a PRB (physical

resource block) for PUCCH format 1 are obtained from

(1)
N prrcc

When an LTE system operates 1n TDD, a UE transmits a
single multiplexed ACK/NACK signal for a plurality of
PDSCHs received through different subirames. Specifically,
the UE transmits a multiplexed ACK/NACK signal for a
plurality of PDSCHs using PUCCH selection. PUCCH
selection 1s referred to as ACK/NACK selection. When the
UE receives a plurallty of DL data in the PUCCH selection
scheme, the UE occupies a plurality of UL physical channels
in order to transmit a multiplexed ACK/NACK signal. For
example, when the UE receives a plurality of PDSCHs, the
UE can occupy the same number of PUCCHs as the
PDSCHs using a specific CCE of a PDCCH which indicates
cach PDSCH. In this case, the UE can transmit a multiplexed
ACK/NACK signal using combination of which one of the
occupied PUCCHs 1s selected and modulated/coded results
applied to the selected PUCCH.

Table 5 shows a PUCCH selection scheme defined 1n
LTE.

TABLE 5
Subirame
HARQ-ACK(0), HARQ-ACK(1), b (0),
HARQ-ACK(2), HARQ-ACK(3) n‘Yorrecr b (1)
ACK, ACK, ACK, ACK n" e 1 , 1
ACK, ACK, ACK, NACK/DTX n'Y o e , 0
NACK/DTX, NACK/DTX, NACK, DTX n'‘Yorrccer , 1
ACK, ACK, NACK/DTX, ACK n" e , 0
NACK, DTX, DTX, DTX nY oo 0
ACK, ACK, NACK/DTX, NACK/DTX n'Y o e 0
ACK, NACK/DTX, ACK, ACK n'‘Yorec 0, 1
NACK/DTX, NACK/DTX, NACK/DTX, NACK 1% 0045 1, 1
ACK, NACK/DTX, ACK, NACK/DTX n'Y o e o 0, 1
ACK, NACK/DTX, NACK/DTX, ACK n'Y e o 0, 1
ACK, NACK/DTX, NACK/DTX, NACK/DTX  nWpyccmo 1, 1
NACK/DTX, ACK, ACK, ACK n" e 3 0, 1
NACK/DTX, NACK, DTX, DTX n'Y o ccer 1 0, 0
NACK/DTX, ACK, ACK, NACK/DTX sy e 1, 0
NACK/DTX, ACK, NACK/DTX, ACK n'‘Yporcca 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX n“)PUCCHl 0, 1
NACK/DTX, NACK/DTX, ACK, ACK 1Y 3 0, 1
NACK/DTX, NACK/DTX, ACK, NACK/DTX  n"“pyccmo 0, 0
NACK/DTX, NACK/DTX, NACK/DTX, ACK (”mccm 0, 0
DTX, DTX, DTX, DTX N/A N/A

In Table 5, HARQ-ACK(1) indicates the HARQ ACK/
NACK/DTX result of an 1-th data unit (0=1=<3). Results of
HARQ ACK/NACK/DTX include ACK, NACK, DTX (dis-
continuous transmission) and NACK/DTX. DTX represents
a case 1 which a data unit corresponding to HARQ-ACK(1)
1s not present or the UE does not detect the data unit
corresponding to HARQ-ACK(1). Maximum 4 PUCCH
resources (i.e., 1Y, po 0 1Y, pr5) can be occupied
for each data unit. The multiplexed ACK/NACK signal 1s
transmitted through one PUCCH resource selected from the
occupied PUCCH resources. In Table 5, n'* ., sy x repre-
sents a PUCCH resource used for ACK/NACK transmis-
s1on, and b(0)b(1) indicates two bits transmitted through the
selected PUCCH resource, which are modulated using
QPSK. For example, when the UE has decoded 4 data units
successiully, the UE transits bits (1, 1) to a BS through a
PUCCH resource linked with n(l)PUCCH:I. Since combina-
tions of PUCCH resources and (QPSK symbols cannot
represent all available ACK/NACK suppositions, NACK
and DTX are coupled except some cases (NACK/DTX,
N/D).
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FIG. 11 1llustrates a carrier aggregation (CA) communi-
cation system.

Referring to FIG. 11, a plurality of UL/DL component
carriers (CCs) can be aggregated to support a wider UL/DL
bandwidth. The CCs may be contiguous or non-contiguous
in the frequency domain. Bandwidths of the CCs can be
independently determined. Asymmetrical CA in which the
number of UL CCs 1s different from the number of DL CCs
can be implemented. Control information may be transmit-
ted/received only through a specific CC. This specific CC
may be referred to as a primary CC and other CCs may be
referred to as secondary CCs. For example, when cross-
carrier scheduling (or cross-CC scheduling) 1s applied, a
PDCCH for downlink allocation can be transmitted on DL
CC #0 and a PDSCH corresponding thereto can be trans-
mitted on DL CC #2. The term “component carrier” may be
replaced by other equivalent terms (e.g. “carrier”, “cell”,
etc.).

For cross-CC scheduling, a carrier indicator field (CIF) 1s
used. Presence or absence of the CIF in a PDCCH can be
determined by higher layer signaling (e.g. RRC signaling)
semi-statically and UE-specifically (or UE group-speciii-
cally). The baseline of PDCCH transmission 1s summarized
as follows.

CIF disabled: a PDCCH on a DL CC 1s used to allocate

a PDSCH resource on the same DL CC or a PUSCH
resource on a linked UL CC.

No CIF

CIF enabled: a PDCCH on a DL CC can be used to

allocate a PDSCH or PUSCH resource on a speciiic
DL/UL CC from among a plurality of aggregated
DL/UL CCs using the CIF.

LTE DCI format extended to have CIF

CIF corresponds to a fixed x-bit field (e.g. x=3) (when CIF

1s set)

CIF position 1s fixed irrespective of DIC format size

(when CIF 1s set)

When the CIF i1s present, the BS may allocate a monitor-
ing DL CC (set) to reduce BD complexity of the UE. For
PDSCH/PUSCH scheduling, the UE may detect/decode a
PDCCH only on the corresponding DL CCs. The BS may
transmit the PDCCH only through the monitoring DL CC
(set). The monitoring DL CC set may be set UE-specifically,
UE-group-specifically or cell-specifically.

FI1G. 12 1llustrates a case 1 which 3 DL CCs are aggre-
gated and DL CC A 1s set to a monitoring DL CC. When the
CIF 1s disabled, each DL CC can transmit only a PDCCH
that schedules a PDSCH corresponding to the DL CC
without a CIF according to LTE PDCCH rule. When the CIF
1s enabled through higher layer signaling, only DL CC A can
transmit not only the PDCCH of DL CC A but also PDCCHs
of other DL CCs using the CIF. A PDCCH 1s not transmitted
on DL CC B and DL CC C which are not set to the
monitoring DL CC. Here, the term “monitoring DL CC”
may be replaced by the equivalent terms such as “monitor-
ing carrier’, “monitoring cell”, “scheduling carrier”, “sched-
uling cell”, “serving carrier, “serving cell”, etc. A DL CC on
which a PDSCH corresponding to a PDCCH 1s transmitted
and a UL CC on which a PUSCH corresponding to a
PUCCH 1s transmitted may be referred to as a scheduled
carrier, a scheduled cell, etc.

In the case of FDD DL carriers and TDD DL subframes,
the first n OFDM symbols of each subi:

rame are used for
physical channels, PDCCH, PHICH, PCFICH, etc. for con-

trol information transmission, and other OFDM symbols are
used for PDSCH transmission. The number of symbols used
for control channel transmission 1 each subirame 1s sig-
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naled to the UE dynamically through a physical channel
such as a PCFICH or semi-statically through RRC signaling.
The value n may be set to 1 to 4 symbols according to

subiframe characteristics and system characteristics (FDDY/
TDD, system bandwidth, etc.). The PDCCH used for DL/UL

scheduling and control information transmaission 1 LTE 1s
transmitted through limited OFDM symbols. Accordingly,
LTE-A mtroduces an enhanced PDCCH (E-PDCCH) that 1s
flexibly multiplexed with a PDSCH according to FDM.

FIG. 13 1llustrates an example of allocating an E-PDCCH
to a subirame.

Reterring to FIG. 13, a PDCCH (referred to as a legacy
PDCCH (L-PDCCH)) according to LTE(-A) may be allo-
cated to a control region (refer to FIG. 4) of a subframe. In

the figure, an L-PDCCH region refers to a region to which
the L-PDCCH can be allocated. The L-PDCCH may refer to

a control region, a control channel resource region (1.e. CCE
resources) to which the PDCCH can be allocated in the
control region or a PDCCH search space according to
context. A PDCCH may be additionally allocated to a data
region (e.g. a resource region for a PDSCH, refer to FIG. 4).
The PDCCH allocated to the data region 1s referred to as an
E-PDCCH. As shown in the figure, control channel
resources may be additionally secured through the E-PD-
CCH to mitigate scheduling restriction due to limited control
channel resources of the L-PDCCH region. The E-PDCCH
and PDSCH are multiplexed according to FDM 1n the data
region.

Specifically, the E-PDCCH may be detected/demodulated
on the basis of a demodulation reference signal (DM RS).
The E-PDCCH 1s transmitted over a physical resource block
(PRB) pair in the time domain. More specifically, a search
space (SS) for E-PDCCH detection may be composed of one
or more (e.g. 2) E-PDCCH sets. Each E-PDCCH set may
occupy a plurality of (e.g. 2, 4 or 8) PRB pairs. Enhanced
CCEs (eCCEs) constituting an E-PDCCH set may be
mapped 1 a localized or distributed manner (according to
whether one eCCE 1s dispersed 1n a plurality of PRB pairs).
When E-PDCCH scheduling 1s configured, a subiframe 1n
which E-PDCCH transmission/detection will be performed
may be designated. The E-PDCCH may be configured 1n a

UE-specific search space (USS) only. A UE may attempt
DCI detection only for an L-PDCCH CSS and E-PDCCH
USS 1n a subframe (referred to as E-PDCCH subirame
hereinafter) configured to permit the E-PDCCH to be trans-
mitted and attempt DCI detection for the L-PDCCH CSS
and L-PDCCH USS 1 a subirame (i.e. non-E-PDCCH
subirame) configured not to permit E-PDCCH transmission.

The E-PDCCH carries DCI like the L-PDCCH. For
example, the E-PDCCH may carry downlink scheduling
information and uplink scheduling information. An E-PD-
CCH/PDSCH procedure and an E-PDCCH/PUSCH proce-
dure are equal/similar to the procedures described with
reference to steps S107 and S108 of FIG. 1. That 1s, the UE
may receive the E-PDCCH and receive data/control infor-
mation through a PDSCH corresponding to the E-PDCCH.
In addition, the UE may receive the E-PDCCH and transmit
data/control information through a PUSCH corresponding to
the E-PDCCH. Meanwhile, L'TE adopts a scheme 1n which
a PDCCH candidate region (referred to as a PDCCH search
space) 1s reserved 1 a control region and a PDCCH of a
specific UE 1s transmitted in part of the PDCCH search
space. Accordingly, the UE may obtain the PDCCH thereof
in the PDCCH search space through blind decoding. Simi-
larly, the E-PDCCH may be transmitted over some or all

reserved resources.
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FIG. 14 1llustrates a procedure of allocating resources for
an E-PDCCH and receiving the E-PDCCH.

Referring to FI1G. 14, a BS transmits E-PDCCH resource
allocation (RA) information to a UE (5910). The E-PDCCH
RA information may include RB (or virtual resource block
(VRB)) allocation information. The RB allocation informa-
tion may be provided on an RB-by-RB basis or RBG-by-
RBG basis. An RBG includes two or more consecutive RBs.
The E-PDCCH RA information may be transmitted using
higher layer (e.g. radio resource control (RRC) layer) sig-
naling. Here, the E-PDCCH RA information 1s used to
reserve E-PDCCH resources (regions) (referred to as an
E-PDCCH set hereinatfter). The BS transmits the E-PDCCH
to the UE (8920). The E-PDCCH may be transmitted in
some or all E-PDCCH resources (e.g. M RBs) reserved 1n
step S910. Accordmg 'y, the UE monitors resources (region)
(referred to as an E-PDCCH search space heremaiter) in
which the E-PDCCH can be transmitted (8930). The E-PD-
CCH search space may be provided as part of the RB set
allocated 1n step S910. Here, monitoring includes blind
decoding of a plurality of E-PDCCH candidates 1n the
search space. Blind decoding may be performed using a
scrambling sequence applied to the E-PDCCH.

FIG. 15 1illustrates an E-PDCCH set (or E-PDCCH-PRB
set).

Referring to FIG. 15, 1n the case of E-PDCCH, a USS may
be composed of K E-PDCCH set(s) per CC/cell for one UE.
Here, K may be greater than or equal to 1 and less than or
equal to a specific upper limit (e.g. 2). The E-PDCCH set
may be composed of N PRB (pairs) (which belong to a
PDSCH region). Here, the value N and PRB resources/
indices that constitute the E-PDCCH may be independently
allocated per E-PDCCH set (1.e. E-PDCCH set-specifically
allocated). Accordingly, the number/lndlces of eCCE
resources constituting the E-PDCCH may be (UE-specifi-

cally and) E-PDCCH set-specifically configured. For
example, eCCEs may be indexed per E-PDCCH set 1n a
subirame (e.g. indexed from O per E-PDCCH set). PUCCH
resources/indices linked to the eCCE resources/indices may
be (UE-specifically and) E-PDCCH set-specifically allo-
cated by setting an independent starting PUCCH resource/
index per E-PDCCH set. Here, an eCCE refers to a basic
control channel unit (i.e. resource unit) of the E-PDCCH,
which 1s composed of a plurality of REs (belonging to a PRB
in a PDSCH region). The ¢eCCE may have a structure
depending on E-PDCCH transmission type. For example, an
¢CCE for localized transmission may be configured using
REs belonging to the same PRB pair. An eCCE {for distrib-
uted transmission may be composed of REs extracted from
a plurality of PRB pairs. In the case of localized eCCE, an
antenna port (AP) may be used per eCCE resource/index 1n
order to perform optimal beamforming for each UE. In the
case of distributed eCCE, the same AP set may be repeatedly
used for different eCCEs such that a plurality of UEs can
commonly use APs. In the specification, the eCCE may be
interpreted as a logical resource unit or a physical resource

unit according to context.

Embodiment: PUCCH Resource Allocation when Mul-
tiple E-PDCCH Sets are Configured

In the case of L-PDCCH based scheduling, an ACK/
NACK feedback transmission resource for DL data sched-
uled by a DL grant PDCCH 1s determined as a PUCCH
resource linked to a specific CCE index (e.g. lowest CCE
index) of a CCE constituting the DL grant PDCCH (refer to
Equation 4). In the case of L-PDCCH, CCE resources/
indices are cell-specifically configured and cell-specifically
linked to different PUCCH resources/indices. Accordingly,
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CCE resources/indices belonging to a USS for L-PDCCH
detection and PUCCH resources/indices linked to the CCE

resources/indices can be uniquely discriminated without

[

ambiguity for one UE.

In the case of E-PDCCH based scheduling, an ACK/
NACK feedback transmission resource for DL data sched-
uled by a DL grant E-PDCCH may be determined as a
PUCCH resource linked to a specific CCE index (e.g. lowest
CCE mdex) of a CCE constituting the DL grant E-PDCCH
or a PUCCH resource linked to a specific eCCE 1ndex+
oflset. The offset may be determined by an ACK/NACK
resource indicator (ARI) directly signaled through the DL
grant E-PDCCH and/or a dedicated value designated per AP.

FIG. 16 illustrates a problem generated when PUCCH
resources are allocated during E-PDCCH based scheduling.

Referring to FIG. 16, when a USS 1s composed of a
plurality of E-PDCCH sets, an overlap region may be
generated between E-PDCCH sets. Accordingly, (physical)
¢CCE resources 1n the overlap region may be mapped to the
same/diflerent (logical) eCCE 1ndices belonging to different
E-PDCCH sets. For example, E-PDCCH set 1 may include
(logical) eCCE indices x1, x2, x3 and x4 which are respec-
tively linked to PUCCH (resource) indices al, a2, a3 and a4
and E-PDCCH set 2 may include (logical) eCC indices y1,
yv2, v3 and y4 which are respectively linked to PUCCH
(resource) indices bl, b2, b3 and b4. In addition, (X3, y1)
may overlap 1n the same (physical) eCCE resource and/or
(x4, y2) may overlap 1n the same (physical) eCCE resource

in the overlap region of the two E-PDCCH sets. In this

situation, an E-PDCCH (e.g. DL grant E-PDCCH) may be
detected through the (physical) eCCE resource correspond-
ing to the two (logical) eCCE indices (x3, y1). In this case,
there 1s ambiguity about which one of the PUCCH
resources/indices (1.e. a3 and bl) respectively linked with
the eCCE 1indices x3 and yl will be used to transmit
ACK/NACK for DL data scheduled by the E-PDCCH.

That 1s, when the UE 1s configured to monitor E-PDCCH
candidates 1n physical resources (e.g. ¢CCEs or REs) cor-
responding to x3 and y1 and E-PDCCH candidate x3 and
E-PDCCH candidate y1 are mapped to the same physical
resource, iI the E-PDCCH 1s detected from the physical
resource, then the UFE does not know which one of the
PUCCH resources/indices respectively linked to the eCCE
indices x3 and y1 will be used for ACK/NACK transmis-
sion. When E-PDCCH candidates of E-PDCCH set 1 and
E-PDCCH candidates of E-PDCCH set 2 do not overlap or
only some thereof overlap, an E-PDCCH set corresponding
to a detected E-PDCCH can be recogmzed and thus the
PUCCH resource/index linked to x3 or y1 may be used.

The present mnvention provides a method for determining,
an ACK/NACK ftransmission resource (1.e. PUCCH
resource/index linked to overlapping eCCE resources) in the
overlap region of E-PDCCH sets. Here, overlapping of
E-PDCCH sets includes a case in which specific eCCE
indices belonging to different E-PDCCH sets overlap with
and correspond to the same physical resource (e.g. eCCE,
¢REG or REs). The method provided by the present inven-
tion may be equivalent to a method for determining an
E-PDCCH set including an ¢CCE index or ¢CCE corre-
sponding to a physical resource (e.g. ¢CCE, eREG or REs)
to which eCCE 1indices of E-PDCCH sets are overlappingly
mapped.

While overlap of E-PDCCH sets for a USS for scheduling
with respect to one CC/cell will now be described 1n the
specification for convenience, this 1s exemplary and the
present invention 1s equally/similarly applicable to not only

overlapping of USS E-PDCCH sets for scheduling different




US 9,854,575 B2

17

CCs/cells but also overlapping of an USS E-PDCCH set and
an CSS (cell-specific SS) E-PDCCH set.
When the UE i1s configured to monitor an E-PDCCH

candidate corresponding to x3 of E-PDCCH set 1 and to

monitor an E-PDCCH candidate corresponding to yl1 of 5

E-PDCCH set 2, x3 and y1 correspond to the same physical
resource (e.g. eCCE, eREG or REs) and an E-PDCCH 1s

detected from the physical resource (e.g. eCCE resource)
corresponding to (x3, y1) in FIG. 16, methods for determin-
H-PDCCH set which includes an eCCE index corre-

ing an E
resource) will

sponding to the physical resource (e.g. eCCE

now be described.

Methods 1, 2 and 3 may be considered for flexible

PUCCH resource operation/control.

Method 1: The eCCE mdex corresponding to the physical
resource 1s regarded as an ¢CCE index belonging to an

E-PDCCH set which 1s composed of the largest number
of c¢CCEs (equivalently, composed of the largest num-
ber of PRB pairs).

Method 2: The eCCE index corresponding to the physical
resource 1s regarded as an ¢CCE index belonging to an

E-PDCCH set to which the largest number of blind
decodmg (BD) operations are allocated.

Method 3: The eCCE index corresponding to the physical
resource 1s regarded as an eCCE index belonging to an

E-PDCCH set to which (the largest number of) highest

agoregation levels (ALs) 1s allocated.

In the case of the E-PDCCH set to which the largest
number of eCCEs, the largest number of BD operations or
(the largest number of) highest ALs are allocated, a rela-
tively large quantity of available PUCCH resources linked to
the E-PDCCH may be secured and, simultanecously, the
cuantlty of PUCCH resources used for ACK/NACK trans-
mission may be small compared to the quantity of available
PUCCH resources. Accordingly, it 1s possible to select an

¢CCE used for DL grant E-PDCCH scheduling and to set an
ARI (and/or AP) for ACK/NACK resource determination
more flexibly according to methods 1, 2 and 3.
In addition, methods 4 to 7 may be considered for simple
implementation with respect to the UE.
Method 4: The eCCE mdex corresponding to the physical
resource 1s regarded as the index of an eCCE belonging

to an E-PDCCH set which has the lowest/highest index
for the eCCE.

Method 3: The eCCE index corresponding to the physical
resource 1s regarded as the index of an eCCE belonging
to an E-PDCCH set which has the PUCCH index linked
to the eCCE 1ndex as the lowest/highest index.

Method 6: The eCCE index corresponding to the physical
resource 1s regarded as the index of an eCCE belonging
to an E-PDCCH set which has the lowest/highest
starting PUCCH 1ndex (PUCCH index linked to the
first eCCE of the E-PDCCH set).

Method 7: The eCCE mdex corresponding to the physical
resource 1s regarded as the index of an eCCE belonging

to an E-PDCCH set having the lowest/highest index
aiter E-PDCCH set configuration through RRC. The

E-PDCCH set index may start with O.

In the case of methods 1, 2 and 3, when overlapping
E-PDCCH sets include the same number of eCCEs (or BD
operations or ALs), there may be ambiguity However, when
an overlapping ¢CCE H

resource 1s regarded as an eCCE
belonging to an E-PDCCH set having the lowest or highest
¢CCE 1ndex corresponding to the overlapping eCCE
resource, the lowest or highest PUCCH 1ndex linked thereto,

the lowest or hughest starting PUCCH 1ndex or the lowest or
highest E-PDCCH set index according to RRC configuration
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through methods 4 to 7, simple implementation can be
achieved and the ambiguity can be eliminated.

Alternatively, 1t 1s possible to consider a method of
signaling which E-PDCCH set includes the eCCE (index)
corresponding to the physical resource (e.g. eCCE, eREG or
REs) (through RRC or PDCCH) 1n consideration of PUCCH
resource operation/control and DL grant E-PDCCH sched-
uling (eCCE selection and setting of ARI/AP) (method 8).
Alternatively, 1t 1s possible to consider a method of discrimi-
nating DClIs transmitted through different E-PDCCH sets
from each other even when E-PDCCH candidates belonging
to the different E-PDCCH sets are configured to be mapped
to the same physical resource (e.g. €CCE, eREG or REs) by
configuring DCI to include an E-PDCCH set index (method
9). For example, when DCI bits are scrambled (refer to
Equations 1 and 2), the E-PDCCH set index may be included
in the mitialization parameter of a scrambling sequence.
Alternatively, the DCI payload size of E-PDCCH candidates
belonging to different E-PDCCH sets and using overlap
¢CCE resources may be set to diflerent values to i1dentily
through which E-PDCCH set a DL grant i1s transmitted
(method 10). For example, a padding bit may be added for
a specific E-PDCCH set only.

Alternatively, a PUCCH resource/index linked to eCCE
resources overlapping between E-PDCCH sets may be allo-
cated to only a specific E-PDCCH set among the overlap-
ping E-PDCCH sets (e.g. eCCE-to-PUCCH 1ndexing 1s
performed) and a PUCCH resource/index linked to the
overlapping eCCE resources may not be allocated to/defined
for the other E-PDCCH set (method 11). For example,
¢CCE-to-PUCCH 1ndexing for the overlapping eCCE
resources may be skipped in the other E-PDCCH set. The
specific E-PDCCH set may be determined through methods
1 to 10 or other methods. However, the present invention 1s
not limited thereto. That 1s, the corresponding overlapping
c¢CCE resource may be regarded as a resource belonging to
the specific E-PDCCH set and an ACK/NACK transmission
resource for DL data scheduled by a DL grant E-PDCCH
detected through the resource may be determined as a
PUCCH resource/index linked to an eCCE resource/index
included 1n the specific E-PDCCH set.

Reterring to FIG. 16, PUCCH indices allocated to E-PD-
CCH set 1 may be sequentially allocated to al, a2, . . . from
the lowest CCE index (1.e. lowest 1 1n x1) and PUCCH
indices corresponding to E-PDCCH set 2 may be sequen-
tially allocated to bl, b2, . . . from the lowest eCCE index
(1.e. lowest 1 1n y1). In this case, 1if PUCCH resources/indices
linked to the overlap eCCE resources are allocated only to
E-PDCCH set 1, then the PUCCH resources/indices are not
allocated to y1 and y2 (e.g. PUCCH indexing 1s skipped) and
PUCCH indices b3 and b4 may be respectively allocated to
y3 and v4.

In the case of overlapping e¢CCE resources generated
between a CSS and a USS, a specific E-PDCCH (including
DL/UL grants) detected/recerved through the overlap eCCE
resource may be regarded/recognized as a DCI format set for
the CSS. Accordingly, an ACK/NACK transmission
resource for DL data scheduled by a DL grant E-PDCCH
detected through the overlap eCCE resource may be deter-
mined as a PUCCH resource/index linked to an eCCE
resource/index belonging to the CSS. In this case, a PUCCH
resource/index linked to the overlap eCCE resource may be
allocated only to the CSS (e.g. eCCE-to-PUCCH 1ndexing 1s
performed on the CSS only) and the PUCCH resource/index
linked to the overlap eCCE resource may not be allocated to
or defined for the USS (method 12). According to method

12, 1t 1s possible to solve misalignment between the BS and
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UE 1in an RRC reconfiguration period and to 1mpr0ve
utilization of PUCCH resources allocated to the CSS in
which a relatively small number of available PUCCH
resources/indices linked to eCCEs are present.

In addition, 1n the case of overlap eCCE resource gener-
ated between the CSS and USS, an E-PDCCH (including
DL/UL grants) detected/received through the overlap eCCE
resource may be regarded/recognized as a DCI format set for
the USS 1 order to improve the possibility of use of
functions (or functions specialized for the USS) (e.g. ape-
riodic CSI request and/or aperiodic SRS triggering, etc.)
supported by the DCI format configured for the USS. Here,
when the CSS and a plurality of USS overlap, methods 1 to
11 or a combination thereof may be applied. Regarding
E-PDCCH candidates (belonging to different SSs) corre-
sponding to the specific E-PDCCH detected/received
through the overlap eCCE resource, at least one of the DCI
(format) payload size, starting eCCE resource, AL (and/or
AP) and RNTT used for scrambling may be set to the same
value. In this case, a PUCCH resource/index linked to the
overlap eCCE may be allocated to a corresponding USS
(eCCE-to-PUCCH 1ndexing 1s performed on the corre-
sponding USS only) and may not be allocated to the CSS
(method 13).

Alternatively, in the case of eCCE overlap between the
CSS and USS, an available method (e.g. method 12 or
method 13) may be determined according to whether the
USS (or DCI transmitted through the USS) includes CIFE. For
example, method 12 1s applicable to eCCE overlap between
the USS (including the CIF) and CSS whereas method 13 1s
applicable to eCCE overlap between the USS (including no
CIF) and CSS.

Two or more of methods 1 to 13 may be combined. For
example, 11 methods 1 and 5 (or methods 1 and 7) are
combined, then the eCCE mndex mapped to the correspond-
ing physical resource may be regarded as an eCCE (1index)

belonging to an E-PDCCH set which has the largest number
of eCCEs and (when E-PDCCH sets include the same
number of eCCEs) has the lowest/highest PUCCH index
linked to an overlap eCCE resource while including the
largest number of €CCEs or which has the lowest/highest set
index used for RRC configuration for the E-PDCCH sets.
An overlapping physical resource (e.g. eCCE, eREG or
REs) to which methods 1 to 13 are applied may be limited
to a case i which E-PDCCH candidates (belonging to
different E-PDCCH sets) that may be mapped to the physical
resource have the same attribute. Here, the case in which the
E-PDCCH candidates have the same attribute may refer to
a case 1n which each of at least one or all of the DCI (format)
payload size, types and sizes of fields constituting DCI,
starting eCCE resource, AP, AL, CIF (when cross-CC/cell
scheduling 1s set) and RNTIT used for CRC scrambling with
respect to the E-PDCCH candidates 1s set to the same value.
For example, in the case of E-PDCCH candidates (belong-
ing to different E-PDCCH sets) including overlapping eCCE
resources while one, some or all of the aforementioned
attributes thereof are different, an eCCE index (PUCCH
resource/index corresponding thereto) belonging to an
E-PDCCH set for which attributes used to detect the E-PD-
CCH candidates are configured 1s used. In addition, when
E-PDCCH candidates belonging to different E-PDCCH sets
(e.g. different USSs, or a CSS and a specific USS) include
¢CCE resources overlapping between the E-PDCCH sets
while each of some or all of the alorementioned attributes
(e.g. DCI (field) size, starting eCCE resource, AP, AL, RNTI
for scrambling) 1s set to the same value, the UE may not

attempt to detect/receive the E-PDCCH candidates (method
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14). Here, the different E-PDCCH sets to which the E-PD-
CCH candidates belong may have the same E-PDCCH
transmission type and/or the same DM RS scrambling
sequence (e.g. the same scrambling sequence nitialization
value). Alternatively, an overlapping physical resource (e.g.

¢CCE, eREG or REs) to which methods 1 to 13 are applied
may be restrictedly used even when E-PDCCH candidates
(belonging to different E-PDCCH sets) which may be
mapped to the physical resource do not have the same
attributes. For example, E-PDCCH candidates belonging to
E-PDCCH set 1 and E-PDCCH candidates belonging to
E-PDCCH set 2 may not have the same RNTI. In this case,
the UE can be aware of an E-PDCCH to which a detected
E-PDCCH belongs. However, 1t 1s possible to use a PUCCH
resource linked to a different E-PDCCH set instead of a
PUCCH resource linked to the E-PDCCH set including the
E-PDCCH detected through methods 1 to 13 for PUCCH
resource control.

In addition, the UE may not attempt DCI detection/
reception with respect to E-PDCCH candidates belonging to
different E-PDCCH sets configured in a PCell (or a cell
designated/configured to perform PUCCH based ACK/

NACK transmission) only 1n a case in which the E-PDCCH
candidates include eCCE resources overlapping between the
E-PDCCH sets and/or a case 1n which each of some or all of
the aforementioned attributes 1s set to the same value for the
E-PDCCH candidates and/or a case 1in which the same DM
RS scrambling sequence and/or the same E-PDCCH trans-
mission type are set for the E-PDCCH sets. Otherwise, the
UE may operate on the assumption that DCI 1s not detected/
received through the E-PDCCH candidates.

Cells are limited to the PCell because ambiguity about an
ACK/NACK transmission resource (1.e. an implicit PUCCH

resource linked to an eCCE resource/index (refer to Equa-

tion 4)) between E-PDCCH sets can be limited to a problem
of only E-PDCCH sets configured 1n the PCell, that 1s, a cell
in which (1implicit) PUCCH based ACK/NACK transmis-
sion 1s performed. Accordingly, UL grant DCI may be
excluded from targets to which the aforementioned DCI
related restriction/operation 1s applied. That 1s, the above-
described DCI related restriction/operation 1s applicable to
DL grant DCI only. Accordingly, normal DCI detection/
reception may be performed without restriction on E-PD-
CCH candidates (including overlap eCCE resources) which
have the atorementioned attributes/conditions and belong to
different E-PDCCH sets configured 1mn an SCell (or a cell

which 1s not configured to perform (1implicit) PUCCH based

ACK/NACK transmission).

In addition, 1n the case of E-PDCCH candidates which has
alorementioned attribute/condition (including overlapping
e¢CCE resources) and belong to different E-PDCCH sets, the
UE may not attempt DCI detection/reception that causes
allocation of implicit PUCCH resources (linked to eCCE

resources/indices) for the E-PDCCH candidates. Also, the
UE may operate on the assumption that DCI that causes
implicit PUCCH resource allocation 1s not detected/received
through the E-PDCCH candidates. In other words, the UE
may attempt to detect/receive only DCI that does not cause
implicit PUCCH resource allocation for the E-PDCCH
candidates (or the UE may operate on the assumption that
DCI that does not cause implicit PUCCH resource allocation
can be detected/received through the E-PDCCH candidates).

Here, DCI that causes implicit PUCCH resource alloca-
tion may be all kinds of DL grant DCI when a HARQ-ACK
bundling mode or channel selection mode 1s configured for
ACK/NACK transmission, and may be limited to DL grant
DCI that schedules a PCell when PUCCH format 3 mode 1s




US 9,854,575 B2

21

configured for ACK/NACK transmission, may be limited to
DL grant DCI that schedules the PCell 1n case of FDD or
may be limited to DL grant DCI scheduling the PCell and
corresponding to DAI initial value (e.g. 1) 1n case of TDD.
DCI that does not cause implicit PUCCH resource allocation
may include DL grant DCI that schedules SCells (1n addition
to UL grant DCI) when PUCCH format 3 mode 1s config-
ured for ACK/NACK transmission and further include DL

grant DCI that does not correspond to the DAI 1nitial value
(¢.g. 1) while scheduling the PCell when PUCCH format 3
mode 1s configured for ACK/NACK transmission i TDD.

FIG. 17 illustrates PUCCH resource allocation when a
plurality of E-PDCCH sets 1s configured.

Referring to FIG. 17, when E-PDCCH set 1 includes
¢CCE mdices x1, x2, x3 and x4 (respectively linked to
PUCCH 1ndices al, a2, a3 and a4) and E-PDCCH set 2
includes eCCE indices y1, y2, yv3 and y4 (respectively linked
to PUCCH indices bl, b2, b3 and b4), a case i which
E-PDCCH candidates with an AL of 2 are set for (x1, x2)
and (x3, x4) and E-PDCCH candidates with an AL of 1 are
set for v 1, y2, y3 and y4 may be considered. Here, when
cach of (x3, y1) and (x4, y2) 1s mapped to the same eCCE

resource in the overlapping region of the two E-PDCCH
sets, AL-2 E-PDCCH candidates (x3, x4) in E-PDCCH set
1 and AL-1 E-PDCCH candidate y1 1n E-PDCCH set 2 may
occupy the same starting eCCE resource (based on different
ALs). In this case, when a PDCCH candidate 1s detected by
assuming AL 2 for the overlapping eCCE resources (x3, x4),
¢CCE index x3 (PUCCH index a3 linked thereto) in E-PD-
CCH set 1 may be used to determine an ACK/NACK
resource for corresponding DL data. When a PDCCH can-
didate 1s detected by assuming AL 1 for the overlap eCCE
resource yl, eCCE 1index y1 (PUCCH index bl linked
thereto) in E-PDCCH set 2 may be used to determine the
ACK/NACK resource for the corresponding DL data. That
1s, a case to which the present invention 1s applied may be
limited to a case in which E-PDCCH candidates related to
overlapping eCCEs have the same AL (1.e. the E-PDCCH
candidates are mapped to the same physical resource) (refer
to Table 1). In addition, AL-1 PDCCH candidate y2 in
E-PDCCH set 2 has an AL and a starting eCCE resource
different from those of AL-2 PDCCH candidates (x3, x4) 1n
E-PDCCH set 1, and thus an E-PDCCH candidate may be
detected by assuming AL 1 for y2, and eCCE index y2
(PUCCH 1ndex b2 linked thereto) in E-PDCCH set 2 may be
used to determine an ACK/NACK resource corresponding to
the E-PDCCH candidate. That 1s, when E-PDCCH candi-
dates of E-PDCCH set 1 and E-PDCCH candidates of
E-PDCCH set 2 are configured to be mapped to the same
physical resource (i.e. the same AL) and an E-PDCCH 1s
detected through the physical resource, the UE cannot
recognize the E-PDCCH set to which the detected E-PD-
CCH belongs. However, when physical resources, to which
the E-PDCCH candidates of E-PDCCH set 1 and the E-PD-
CCH candidates of E-PDCCH set 2 are mapped, are partially
overlapped (1.e. 1n case of different ALs), the UE can
recognize the E-PDCCH set to which the detected E-PD-
CCH belongs.

Furthermore, 1t may be recognized that ambiguity about
PUCCH resource/index determination due to overlap of
E-PDCCH sets 1s generated only when related parameters of
the E-PDCCH sets are 1dentical to each other. Examples of
the parameters include a parameter indicating whether

E-PDCCH transmission type 1s localized or distributed.
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Accordingly, when the E-PDCCH sets have different E-PD-

CCH transmission types even 1f the E-PDCCH sets overlap
in a PRB region, PRB pairs to which REs constituting
¢CCEs belong are different. Accordingly, ambiguity about
PUCCH resource/index determination due to overlap may
not occur. Examples of the parameters include an E-PDCCH

DM RS scrambling parameter. Since the E-PDCCH sets will
use different DM RS sequences even in the same e¢CCE

resource 1f the DM RS scrambling parameter (e.g. scram-
bling sequence nitialization value) of the E-PDCCH sets 1s

set to diflerent values, the UE may identity the E-PDCCH

set including an overlap eCCE through the DM RS sequence
scrambling parameter used to demodulate the overlap eCCE
(the same sequence as the sequence used for DM RS

scrambling 1s used to scramble DCI 1n the E-PDCCH set).

Examples of the parameters further include quasi co-loca-

tion (QC) information/parameter. When QC cannot be

assumed for the two E-PDCCH sets or different QC 1nfor-

mation/parameters are set therefor, the two E-PDCCH sets

will use different assumptions/information/parameters even
in the same eCCE resource, and thus the UE may 1dentify the
E-PDCCH set including an overlap e¢CCE through the
corresponding assumption/information/parameter used to
demodulate the eCCE. Accordingly, overlap of E-PDCCH
sets may be limited to a case in which the UE cannot identily
the E-PDCCH set including a specific eCCE since PRB pairs
constituting two E-PDCCH sets overlap and, at the same
time, the same related parameter 1s set for the E-PDCCH sets
in the present ivention.

FIG. 18 illustrates PUCCH resource allocation and
HARQ response transmission according to the present
invention.

Retferring to FIG. 18, a plurality of E-PDCCH sets (e.g.
E-PDCCH sets 1 and 2) 1s configured for a UE. Each
E-PDCCH set includes a plurality of eCCEs which are
indexed per E-PDCCH. Specifically, E-PDCCH set 1 may
include (logical) eCCE indices x1, x2, x3 and x4 which are
respectively linked to PUCCH (resource) indices al, a2, a3
and a4 and E-PDCCH set 2 may include (logical) eCCE
indices v 1, y2, v3 and y4 which are respectively linked to
PUCCH (resource) indices bl, b2, b3 and b4. In addition,
(x3, v1) may overlap and be mapped to the same (physical)
c¢CCE resource and/or (x4, y2) may overlap and be mapped
to the same (physical) eCCE resource in the overlap region
of the two E-PDCCH sets.

In this situation, the BS may transmit an E-PDCCH on the
(physical) eCCE resource corresponding to two (logical)
¢CCE 1ndices (x3, y1) to the UE (S1802). When the UE 1s
configured to transmit an implicit PUCCH based HARQ
response, the UE may transmit the HARQ response to the
BS using a PUCCH resource corresponding to the index of
the first eCCE among one or more eCCEs constituting the
E-PDCCH (S1806). When the E-PDCCH indicates semi-
persistent scheduling (SPS) release, the HARQ response

may include acknowledgement information for the E-PD-
CCH. When the E-PDCCH 1indicates a DL grant with respect

to a PDSCH, the BS may additionally transmit the PDSCH
to the UE (S1804). In this case, the HARQ response may
include acknowledgement information for the PDSCH.
When the UE can recognize the E-PDCCH set including,
the eCCE 1ndex corresponding to the physical resource (e.g.
¢CCE) to which the E-PDCCH 1s mapped (that 1s, when
there 1s no ambiguity between E-PDCCH candidates of
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E-PDCCH sets 1 and 2), the UE may transmit the HARQ
response using a PUCCH resource corresponding to the
¢CCE. That 1s, the UE may use PUCCH resource a3

corresponding to eCCE 1ndex x3 when the detected E-PD-
CCH belongs to E-PDCCH set 1 and use PUCCH resource
bl corresponding to e¢CCE index yl when the detected
E-PDCCH belongs to E-PDCCH set 2. The UE may not
recognize the E-PDCCH set including the eCCE index
corresponding to the physical resource (e.g. €CCE) to which
the E-PDCCH 1s mapped. That 1s, there may be ambiguity
between E-PDCCH candidates of E-PDCCH sets 1 and 2. In
this case, the UE may perform various operations according,

to the alforementioned methods. For example, if the UE does
not know the E-PDCCH including the eCCE index corre-

sponding to the detected E-PDCCH, then the detected E-PD-

CCH may be considered to correspond to an eCCE index of
E-PDCCH set having the lowest index and a PUCCH

an
resource may be determined (method 7).

Cases 1n which there 1s ambiguity between E-PDCCH
candidates of the E-PDCCH sets are not limited to the above
cases and 1nclude cases that satisty the following conditions
1), 1) and 111).

1) A plurality of E-PDCCH sets 1s scrambled with the
same sequence.

11) The UE 1s configured to monitor E-PDCCH candidates
having the same attribute as the E-PDCCH signal (S1802) in
the plurality of E-PDCCH sets. Here, the same attribute
includes the same DCI (format) payload size, for example.
The same attribute may further include the same RNTI (1.e.
RNTT used for CRC scrambling). When E-PDCCH sets are
configured only 1n a USS, E-PDCCH candidates may have
C-RNTT or SPS C-RNTI. It 1s possible to control PUCCH
resource allocation using a PUCCH resource linked to an
E-PDCCH set other than the E-PDCCH set to which the
detected E-PDCCH belongs, rather than a PUCCH resource
linked to the E-PDCCH set including the detected E-PD-
CCH by excluding the RNTI from the same attributes
according to implementation scheme.

111) A plurality of E-PDCCH candidates corresponding to
the E-PDCCH signal (S1802) in the plurality of E-PDCCH
sets 1s mapped to the same physical resource.

The aforementioned ambiguity about PUCCH resource/
index determination may be prevented by pre-setting appro-
priate E-PDCCH sets. For example, when two E-PDCCH
sets are configured to overlap 1n a PRB domain, the BS may
prevent the UE from operating to prepare for the ambiguity
by setting different E-PDCCH transmission types or DM RS
scrambling sequences for the two E-PDCCH sets. When the
ambiguity problem 1s solved by the operation of the BS, the
UE may be implemented on the assumption that two E-PD-
CCH sets having the same E-PDCCH transmission type and
the same DM RS scrambling sequence are not configured to
overlap 1n a PRB domain.

In addition, the ambiguity about PUCCH resource/index
determination may be solved by operation of the BS to
attempt to detect all PUCCH resources linked to the two
E-PDCCH sets. In this case, the UE may select one of two
linked PUCCH resources and transmit an ACK/NACK
signal through the selected PUCCH resource on the assump-
tion that overlap eCCEs belong to any of the two E-PDCCH
sets. IT the UE can simultaneously transmit the two PUCCH
resources, then the ACK/NACK may be transmitted through
the two PUCCH resources. Here, operation of transmitting,
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no ACK/NACK signal through any of the two PUCCH

resources due to ambiguity caused by overlap needs to be
excluded. In other words, 1f the UE needs to receive a DL
grant through an eCCE belonging to one of the two E-PD-
CCH sets, which cannot be identified by the UE, the
ACK/NACK signal needs to be transmitted through at least
one of the two linked PUCCH resources.

To reduce DCI overhead due to CIF bit addition when

cross-CC/cell scheduling 1s set, a CIF bit may be added only
to E-PDCCH candidates using eCCE resources overlapping
between E-PDCCHs for scheduling of different CCs/cells

and a CIF bit may not be added to the remaining E-PDCCH

candidates.
A description will be given of PUCCH resource allocation

in case ol TDD operation. In TDD, ACK/NACK for one or
more DL SFs (1.e. DL data scheduled/transmitted through
DL SFs) 1s fed back through a single UL SF. In case of
L-PDCCH based scheduling 1n TDD, PUCCH resources/

indices linked to CCE resources/indices corresponding to
L-PDCCH(s) in DL SFs are sequentially stacked 1n a cor-
responding UL SF region 1n the order of DL SFs (PUCCH
stacking). For example, when DL SFs #1, #2 and #3 corre-
spond to UL SF #1, PUCCH resources/indices linked to
CCE resources/indices used in DL SFs #1, #2 and #3 may be
sequentially stacked in the frequency region of UL SF #1
from the edge of the frequency region to the inside of the
corresponding bandwidth (BW). In this manner, PUCCH
allocation 1n 1mnner part of the UL bandwidth may be avoided
as long as possible to provide flexibility and degree of
freedom 1 UL data scheduling.

When E-PDCCH based scheduling 1s performed 1n TDD,
similarly to the existing scheme, a structure i which
PUCCH resources/indices linked to CCE resources/indices
corresponding to an E-PDCCH 1n DL SFs are sequentially
stacked 1n a corresponding UL SF region (e.g. from the edge
of the corresponding BW to the inside thereot) 1n the order
of DL SFs may be considered. To achieve this, an SF oflset
tfor PUCCH stacking may be applied to E-PDCCH sets
corresponding to each DL SF. The SF oflset refers to a

stacking unit applied to each E-PDCCH set. PUCCH stack-

ing may be performed per DL SF or E-PDCCH set. Spe-
cifically, the SF oflset may be determined as the total number
of eCCEs (or a specific value calculated based on the same)
belonging to all E-PDCCH sets 1n each DL SF (option-1) or
the total number of eCCEs (or a specific value calculated
based on the same) belonging to each E-PDCCH set in each
DL SF (option-2).

FIG. 19 illustrates an example of allocating PUCCH
resources when a plurality of E-PDCCH sets 1s configured in
TDD according to the present invention. FIG. 19 shows a

case 1n which 4 eCCEs and 8 eCCEs respectively belong to
E-PDCCH set 1 and E-PDCCH set 2 and DL SFs #1, #2 and
#3 correspond to UL SF #1 while starting PUCCH

resources/indices for E-PDCCH set 1 and E-PDCCH set 2

are respectively set to nl and n2. In this case, the SF oflset
may be 12 (=4+48) according to option-1 and may be 4 and
8 respectively for E-PDCCH sets 1 and 2 according to
option-2. FIG. 19 1llustrates option-2. Specifically, the start-
ing PUCCH resource/index linked to each DL SF (1.e. eCCE
of each DL SF) may be determined according to the fol-
lowing options. For eflicient multiplexing with PUCCH
resources/indices linked to CCEs constituting an L-PDCCH,
a specific value considering use of CCEs may be added to
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the SF offset according which option i1s selected (e.g. the

specific value may correspond to a PCFICH or a CFI value
extracted from the PCFICH).

[Option-1]

E-PDCCH set 1 (with SF oflset of 12)
DL SF #1: nl
DL SF #2: n1+12
DL SF #3: nl1+24
E-PDCCH set 2 (with SF oflset of 12)
DL SF #1: n2
DL SF #2: n2+12
DL SF #3: n2+24
[Option-2]
E-PDCCH set 1 (with SF oflset of 4)
DL SF #1: nl

DL SF #2: nl1+4

DL SF #3: n1+8

E-PDCCH set 2 (with SF oflset of 8)
DL SF #1: n2

DL SF #2: n2+8

DL SF #3: n2+16

Considering ¢CCE resources overlapping between E-PD-
CCH sets, only one PUCCH resource 1s suflicient to be
linked to the overlapping eCCEs, and thus consideration of
overlap and allocation of PUCCH resources 1n determina-
tion of the SF offset, as described above (or according to a
different scheme) may be advantageous in terms of PUCCH
resource operation eiliciency. Accordingly, the present
invention proposes determination of the SF oflset i con-
sideration of allocation of only one PUCCH to the overlap
¢CCEs. For example, the number of overlap eCCE resources
may be subtracted from the SF oflset.

It 1s assumed that two e¢CCE resources belonging to
E-PDCCH sets 1 and 2 overlap 1n FIG. 19. In this case, the
SF oflset may be 10 (=4+48-2) 1n option-1. The SF oflset may
be 4 1n case of E-PDCCH set 1 and 6 (=8-2) 1n case of
E-PDCCH set 2 1 option-2 (on the assumption that a
PUCCH resource linked to the overlapping eCCE resources
1s allocated only to E-PDCCH set 1). Accordingly, the
starting PUCCH resource/index linked to each DL SF
(¢CCE 1n each DL SF) may be determined according to
following options.

[Option-1]

E-PDCCH set 1 (with SF oflset of 10)

DL SF #1: n

DL SF #2: n1+10

DL SF #3: n1+20

E-PDCCH set 2 (with SF oflset of 10)
DL SF #1: n2

DL SF #2: n2+10

DL SF #3: n2+20

[Option-2]

E-PDCCH set 1 (with SF oflset of 4)
DL SF #1: nl
DL SF #2: n1+4

DL SF #3: n1+8

E-PDCCH set 2 (with SF oflset of 6)
DL SF #1: n2

DL SF #2: n2+6

DL SF #3: n2+12

In the case of E-PDCCH based scheduling, an ACK/
NACK transmission resource may be determined as a
PUCCH resource linked to a spemﬁc (e.g. lowest) eCCE
index corresponding to a DL grant E-PDCCH or a PUCCH
resource linked to [the specific eCCE index corresponding to
the DL grant E-PDCCH+ollset according to ARI (and/or
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AP)]. Accordingly, the present invention proposes addition
of [a minimum value or a maximum value (absolute value
thereol) of ARI oflsets, AP oflsets or the sums of ARI offsets
and AP offsets or the sum of the minimum value and
maximum value] to the SF oflset 1n order to stably secure/
improve the degree of freedom of DL grant E-PDCCH
scheduling (e.g. eCCE selection and ARI/AP configuration)
through tlexible PUCCH resource operation/control.

Specifically, if ARI may have oflset values of -2, 0, 2 and
4 and AP may have offsets of 0, 1, 2 and 3, then (minimum
absolute value, maximum absolute value, the sum of mini-
mum and maximum absolute values) of the ARI oflsets 1s (2,
4, 6), (minimum absolute value, maximum absolute value,
the sum of minimum and maximum absolute values) of the
AP offsets 15 (0, 3, 3) and (minimum absolute value, maxi-
mum absolute value, the sum of minimum and maximum
absolute values) of the sums of the ARI oflsets and AP
oflsets 1s (2, 7, 9). When ARI offsets are -1, 0, 1 and 2 and
AP ofisets are 0, 1, 2 and 3, (mmimum absolute value,
maximum absolute Value, the sum of minimum and maxi-
mum absolute values) of the ARI offsets 1s (1, 2, 3),
(minimum absolute value, maximum absolute value, the
sum of mimimum and maximum absolute values) of the AP
ofsets 1s (0, 3, 3) and (minimum absolute value, maximum
absolute value, the sum of minimum and maximum absolute
values) of the sums of the ARI ofisets and AP oflsets 1s (1,
S5, 6).

According to the proposed method, values obtained by
adding the proposed oflset values to the SF ofiset may be set
to final SF offset values. Here, AP oflset may be determined
from only AP ofiset values set to one or more eCCE
resources having the highest index in an E-PDCCH set.

Considering a CSS configured 1n the structure/form of the
E-PDCCH, 1t may be necessary to set/allocate a PUCCH
resource/index used to transmit ACK/NACK feedback for
DL data scheduled through the CSS. For this, 1) how the
starting PUCCH resource/index corresponding to the CSS 1s
set, 2) how many PUCCH resources/indices are allocated
and how the PUCCH resources/indices are allocated and 3)
how PUCCH resources/indices per DL SF are stacked in
case of TDD need to be considered for the E-PDCCH based
CSS.

First, an independent starting PUCCH resource/index
may be set as the starting PUCCH resource/index corre-
sponding to the CSS, separately from the USS. The starting
PUCCH resource/index corresponding to the CSS may be
cell-specifically set through a PBCH, SIB, etc. or UE-
specifically set through RRC signaling (“separate starting
PUCCH?”). In addition, the starting PUCCH resource/index
corresponding to the CSS may be set to the starting PUCCH
resource/index set for a specific E-PDCCH set (“reference
USS set”) among E-PDCCH sets for the USS or a PUCCH
resource/index corresponding to [the PUCCH resource/in-
dex+a predetermined oflset] (“common starting PUCCH”).

The number of PUCCH resources/indices corresponding,
to the CSS may correspond to the number of E-PDCCH
candidates that constitute the CSS (rather than the number of
e¢CCE resources constituting the CS S). Also, the number of
PUCCH resources/indices corresponding to the CSS may be
set to the number of E-PDCCH candidates having different
starting ¢CCE resources. In addition, 1n the case of indexing
of PUCCH resources (corresponding to E-PDCCH candi-
dates), lower PUCCH indices may be first linked to lower
¢CCE indices and/or lower ALs.

In the case of separate starting PUCCH in TDD, the SF
oflset for stacking of PUCCH resources corresponding to the

CSS may be set to the number of E-PDCCH candidates
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(“CSS candidate num™) which constitute the CSS based on
the atforementioned PUCCH allocation method (and/or have
different starting eCCE resources). In the case of common
starting PUCCH, the SF oflset for PUCCH stacking with
respect to the reference USS set may be set to a value
obtained by adding “CSS candidate num” to the SF offset
determined by option-1 or option-2 (or other methods). In
the case of common starting PUCCH, PUCCH resources
corresponding to the USS which are more likely to be used
for DL data scheduling (DL grant E-PDCCH) may be
stacked first (e.g. the PUCCH resources having lower
PUCCH 1ndices) and then PUCCH resources corresponding
to the CSS may be stacked (e.g. the PUCCH resources
having higher PUCCH indices).

FI1G. 20 1llustrates a BS and a UE of a wireless commu-
nication system, which are applicable to embodiments of the
present invention. When the wireless communication system
includes a relay, the BS or UE can be replaced by the relay.

Referring to FI1G. 20, the wireless communication system
includes a BS 110 and a UE 120. The BS 110 includes a
processor 112, a memory 114 and a radio frequency (RF)
unit 116. The processor 112 may be configured to implement
the procedures and/or methods proposed by the present
invention. The memory 114 1s connected to the processor
112 and stores information related to operations of the
processor 112. The RF unit 116 1s connected to the processor
112 and transmits and/or recerves an RF signal. The UE 120
includes a processor 122, a memory 124 and an RF unit 126.
The processor 122 may be configured to implement the
procedures and/or methods proposed by the present inven-
tion. The memory 124 1s connected to the processor 122 and
stores information related to operations of the processor 122.
The RF umt 126 i1s connected to the processor 122 and
transmits and/or receives an RF signal. The BS 110 and/or
the UE 120 may include a single antenna or multiple
antennas.

The embodiments of the present mmvention described
hereinbelow are combinations of elements and features of
the present invention. The elements or features may be
considered selective unless otherwise mentioned. Each ele-
ment or feature may be practiced without being combined
with other elements or features. Further, an embodiment of
the present invention may be constructed by combining parts
ol the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged.
Some constructions of any one embodiment may be
included in another embodiment and may be replaced with
corresponding constructions of another embodiment. It will
be obvious to those skilled 1n the art that claims that are not
explicitly cited 1n each other 1n the appended claims may be
presented 1 combination as an embodiment of the present
invention or included as a new claim by a subsequent
amendment after the application 1s filed.

In the embodiments of the present invention, a description
1s made centering on a data transmission and reception
relationship among a BS, a relay, and an MS. In some cases,
a specific operation described as performed by the BS may
be performed by an upper node of the BS. Namely, 1t 1s
apparent that, n a network comprised of a plurality of
network nodes including a BS, various operations performed
for communication with an MS may be performed by the
BS, or network nodes other than the BS. The term ‘BS’ may
be replaced with the term ‘fixed station’, ‘Node B’,
‘enhanced Node B (eNode B or eNB)’, ‘access point’, efc.
The term ‘UE’ may be replaced with the term ‘Mobile
Station (MS)’, ‘Mobile Subscriber Station (MSS)’, ‘mobile

terminal’, etc.
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The embodiments of the present invention may be
achieved by various means, for example, hardware, firm-
ware, software, or a combination thereof. In a hardware
configuration, the methods according to the embodiments of
the present mmvention may be achieved by one or more
Application Specific Integrated Circuits (ASICs), Digital
Signal Processors (DSPs), Digital Signal Processing
Devices (DSPDs), Programmable Logic Devices (PLDs),
Field Programmable Gate Arrays (FP(GAs), processors, con-
trollers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, the embodiments
of the present invention may be implemented in the form of
a module, a procedure, a function, etc. For example, soft-
ware code may be stored 1n a memory unit and executed by
a processor. The memory unit 1s located at the interior or
exterior of the processor and may transmit and receive data
to and from the processor via various known means.

Those skilled 1n the art will appreciate that the present

invention may be carried out 1n other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. The above
embodiments are therefore to be construed 1n all aspects as
illustrative and not restrictive. The scope of the mvention
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

INDUSTRIAL APPLICABILITY

The present mnvention 1s applicable to a wireless commu-
nication apparatus such as a UE, relay, BS, etc.

The mvention claimed 1s:

1. A method for transmitting a hybrid automatic repeat
request (HARQ) response by a user equipment (UE) 1n a
wireless communication system, the method comprising:

detecting an enhanced physical downlink control channel
(E-PDCCH);
determining a resource unit index of the detected E-PD-

CCH based on a position of the detected E-PDCCH 1n

an E-PDCCH set, wherein the E-PDCCH set 1includes
a plurality of resource units indexed per E-PDCCH;
and
transmitting the HARQ response using a physical uplink
control channel (PUCCH) resource determined using
the resource unit index of the detected E-PDCCH,

wherein the UE assumes that the detected E-PDCCH 1s
received through one of the different E-PDCCH sets

having a lowest E-PDCCH set index, when the detected

E-PDCCH corresponds to a plurality of E-PDCCH
candidates of different E-PDCCH sets, and

wherein the UE determines that the detected E-PDCCH
corresponds to the plurality of E-PDCCH candidates of
the different E-PDCCH sets, 11 at least 1), 11) and 111) are
satisfied:

1) the different E-PDCCH sets are scrambled with a same
sequence,

11) the plurality of E-PDCCH candidates of the different

E-PDCCH sets have a same downlink control informa-
tion (DCI) payload size, and

111) the plurality of E-PDCCH candidates of the different

E-PDCCH sets are exactly overlapped on a same set of

resource units.

2. The method of claim 1, wherein the same sequence

includes a same radio network temporary 1dentifier (RNTT).
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3. The method of claim 2, wherein the RNTI includes a
cell-RNTI (C-RNTI) or a semi-persistent scheduling (SPS)

C-RNTI.
4. The method of claim 1, wherein each E-PDCCH set

includes one or more physical resource blocks (PRBs), and
the plurality of resource umnits includes a plurality of
enhanced control channel elements (eCCEs).

5. The method of claim 1, further comprising receiving a

physical downlink shared channel (PDSCH) indicated by the
detected E-PDCCH,

wherein the HARQ) response includes acknowledgement

information for the PDSCH.

6. The method of claim 1, wherein, when the detected
E-PDCCH includes 111f0rmat1011 indicating SPS release, the
HARQ response includes acknowledgement information for
the detected E-PDCCH.

7. A user equipment (UE) for use 1n a wireless commu-
nication system, the UE comprising:

a radio frequency (RF) unit; and

a Processor,

wherein the processor 1s configured to:

detect an enhanced physical downlink control channel
(E-PDCCH),
determine a resource unit index of the detected E-PDCCH
based on a position of the detected E-PDCCH 1n an
E-PDCCH set, wherein the E-PDCCH set includes a
plurality of resource units indexed per E-PDCCH, and
transmit the HARQ response using a physical uplink

control channel (PUCCH) resource determined using

the resource unit imndex of the detected E-PDCCH,
wherein the UE assumes that the detected E-PDCCH 1s
received through one of the different E-PDCCH sets

having a lowest E-PDCCH set index, when the detected
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E-PDCCH corresponds to a plurality of E-PDCCH

candidates of diflerent E-PDCCH sets, and

wherein the UE determines that the detected E-PDCCH
corresponds to the plurality of E-PDCCH candidates of
the different E-PDCCH sets, 1f at least 1), 1) and 111) are
satisfied:

1) the different E
sequence,

11) the plurality of E-PDCCH candidates of the different

E-PDCCH sets have a same downlink control informa-
tlon (DCI) payload size, and

111) the plurality of E-PDCCH candidates of the different

E-PDCCH sets are exactly overlapped on a same set of

resource units.

8. The UE of claim 7, wherein the same sequence includes

a same radio network temporary 1dentifier (RNTT).

9. The UE of claim 8, wherein the RNTI includes a
cell-RNTI (C-RNTI) or a semi-persistent scheduling (SPS)
C-RNTI.

10. The UE of claim 7, wherein each E-PDCCH set
includes one or more physical resource blocks (PRBs), and
the plurality of resource umits includes a plurality of
enhanced control channel elements (eCCEs).

11. The UE of claim 7, wherein the processor 1s further
configured to receive a physical downlink shared channel
(PDSCH) 1ndicated by the detected E-PDCCH,

wherein the HARQ response includes acknowledgement

information for the PDSCH.

12. The UE of claim 7, wherein, when the detected
E-PDCCH includes 111f0nnat1011 indicating SPS release, the
HARQ response includes acknowledgement information for

the detected E-PDCCH.

G ex x = e

-PDCCH sets are scrambled with a same
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